We investigate the empirical relationship between wages and labor market conditions. Following work histories in the NLSY79 we document that the relationship between wages and unemployment rate differs across occupations. The results hold after controlling for unobserved match quality. This suggests that evidence about history-dependence of wages obtained from pooled samples conceals significant differences and provides an imprecise description of earning dynamics. We examine these discrepancies and offer new evidence suggesting that the sensitivity of wages to current unemployment is linked to the prevalence of performance pay.
Introduction
The sensitivity of wages to aggregate labor market conditions is the subject of a long standing debate. A key question is whether past labor market conditions have any effect on current wages and, if so, why. Most studies on this subject draw inference from samples pooling different types of workers.
1 This paper examines the evolution of wages across broad occupation and education groups and, in particular, their sensitivity to aggregate labor market conditions. In an influential study Beaudry and DiNardo (1991) show that wages exhibit historydependence, responding to past labor market conditions. Following Bils (1985) labor market conditions are measured by the aggregate unemployment rate. Beaudry and DiNardo illustrate that the minimum unemployment rate experienced while on-the-job has a significant impact on current wages and crowds out the effect of current unemployment. They interpret the dependence of current wages on past unemployment rates as evidence of implicit contracts between employers and employees. Under this hypothesis it is the contract wage, not the current wage, that adjusts to competitive forces.
The interpretation of these findings has been questioned, and the evidence on wage dynamics has been cast in the alternative context of competitive spot markets in which the accrual of job offers determines match quality and wages. The frequency and quality of job offers are crucial determinants of workers' wage and employment dynamics. This alternative view, suggested by Hagedorn and Manovskii (2013) , contends that the correlation between wages and past unemployment is the by-product of selection due to match-specific productivity. Better matches may be selected in periods of low unemployment, which would be reflected in higher wages. After accounting for match quality through cumulative labor market tightness, Hagedorn and Manovskii find that past unemployment no longer matters while current unemployment becomes significant again.
In a related study, Bellou and Kaymak (2016) highlight the importance of focusing on wage growth within a job spell. This restriction eliminates cyclical composition effects in job quality because it only considers the sample of 'job stayers'.
2 Their findings suggest that wage growth does in fact respond to the evolution of the lowest unemployment rate experienced while on the job. This history-dependence is interpreted as evidence of implicit insurance under limited commitment. Existing evidence mostly refers to pooled wage samples. Yet, there is no obvious reason to assume that identical patterns should hold for the wage dynamics of individuals working in different occupations.
We begin by replicating baseline results in Beaudry and DiNardo (1991) , Hagedorn and Manovskii (2013) and Bellou and Kaymak (2016) .
3 Next, we turn to studying the history dependence of wages across broad occupation groups. Our findings lend support to the hypothesis that there are material discrepancies across occupation groups. Differences are substantial: while wages in cognitive jobs are strongly affected by contemporaneous labor market conditions, wages in manual and routine jobs exhibit significant history dependence. We document that similar patterns hold when splitting the sample of workers by education achievement. Wages of college graduates respond only to contemporaneous unemployment. In contrast, wages of high school graduates respond to past unemployment rates, displaying a behavior consistent with that observed for manual and routine jobs. 4 In the process of reproducing existing results we show that proxies for match quality based on labor market tightness can be de-constructed into two distinct components: individual duration and average tightness. This decomposition does not alter the key conclusion that match quality always has a significant effect on wages. The individual duration component is significant throughout our analysis. However average market tightness matters only for some occupations. Following the logic of Hagedorn and Manovskii these patterns indicate that, given some offer arrival rate, the number of offers received increases with employment duration in all occupations; by contrast, average tightness appears to affect the offers' arrival rate in some occupations but not in others. 5 Our findings indicate that differences exist in the way labor is assessed and remunerated across occupations. In Section 5 we investigate the mechanism driving these differences and present new evidence highlighting the role played by performance-related pay incentives. Using information from the NLSY79 about workers' total pay, we find that occupations in which wages are more sensitive to current unemployment also exhibit a higher occurrence of performance-based earnings. We also find that jobs in these occupations entail longer durations, and wages that are more responsive to match quality. Oyer (2004) argues that a potential role of performance-related pay is to retain good matches. This new evidence supports the view that firms may be using profit-sharing to retain well-matched workers in particular occupations and this retention motive may help in shaping observed differences in wage dynamics across occupations.
Brief Background: Unemployment and Wages
In this section we overview the arguments which shape the empirical analysis linking wage dynamics to aggregate unemployment, and explain how theory guides the organization of longitudinal data and the empirical specifications. In addition, we review the role of match quality proxies based on labor market tightness and show how to express them as the sum of different components.
Theory and Measurement
To provide context we consider a simple representation of idiosyncratic productivity with unobserved heterogeneity. Let marginal product of worker i in job j at time t be defined as
where S ijt is tenure with employer j and X it is years of labor market experience. 6 The unobserved component ijt consists of aggregate (cyclical) productivity y t , individual fixed effect a i , time-invariant match quality m ij , and i.i.d. shock η ijt :
The relationship between wages and cyclical productivity is central to the debate on whether labor market returns are better described as the outcome of implicit contracts or spot markets. Implicit contracts would imply lower sensitivity of wages to contemporaneous aggregate conditions, whereas spot pricing would induce a tighter relationship between the two.
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Theory suggests that the optimal contract when only one party is risk-averse is to let the other party carry all risk. If there is full commitment on the side of risk-neutral firms but only limited commitment by risk-averse workers, then workers would always renegotiate their contracts under the most beneficial circumstances experienced while on the job. Therefore the best labor market conditions experienced during a spell with an employer -the minimum unemployment rate since the start of a job -should have an effect on current wages. Beaudry and DiNardo (1991) present a test of this contractual environment. They show that the minimum unemployment rate experienced while on-the-job has a significant impact on current wages and crowds out the effect of current unemployment.
Specifically, they estimate a standard (log) wage equation augmented to include the current unemployment rate and the lowest unemployment rate experienced during a job,
In this specification w i,t+s,t is the log wage observed in period t+s for individual i in a job that started in period t, and X i,t+s is a vector of observable characteristics. Current labor market conditions are approximated by U t+s , the unemployment rate in period t + s; u min i,t+s,t is the minimum unemployment rate experienced by individual i while on a job that started in period t, and is defined as u min i,t+s,t = min{U t+s−k } s k=0 . The error term i,t+s includes an individual constant, therefore a fixed-effect specification is estimated.
Beaudry and DiNardo first estimate (3) under the restriction that β 2 = 0, finding a significant and negative β 1 . Their key result is that the inclusion of u min i,t+s,t crowds out the effect of U t+s : the minimum unemployment rate observed on the job has a negative and significant effect on current wage and makes β 1 no longer significant. This finding is revisited by Hagedorn and Manovskii (2013) . They argue that the significance of u min i,t+s,t , and the crowding out of U t+s , is due to unobserved match quality (m ij in equation 2), and cannot be construed as evidence of implicit contracts. To flesh out this claim they develop a model with on-the-job search, in which wages depend on match quality. Their working hypothesis is that, after controlling for match quality, u min i,t+s,t should no longer matter. Hagedorn and Manovskii reproduce the original results of Beaudry and DiNardo, then go on to estimate a specification including two proxies for match-specific quality, denoted as q eh and q hm . Their estimating equation is
The match quality proxies turn out to be strongly significant and have the expected positive sign. Moreover, in this specification u min i,t+s,t is no longer significant and U t+s becomes significant again. Hagedorn and Manovskii view these results as evidence that wages are determined in a spot market.
Measuring Match Quality
The proxies q eh and q hm build on the idea that the number of offers a worker receives is positively correlated with match quality. In Hagedorn and Manovskii's model, if an employed worker receives a job offer and accepts it, then it must be the case that match quality has been weakly improved. Similarly, if a worker receives a job offer and rejects it, then current match quality is preferable to the alternative. Hence a worker who receives many offers has better match quality, whether these offers were accepted or rejected. A key empirical challenge is how to measure the number of offers a worker receives. The reasoning above suggests that labor market tightness, measured before and during a particular job, may convey information about the number of offers. As an example consider a worker i employed in the same job between periods T begin and T end , with T end > T begin . If the sum of labor market tightness between T begin and T end is high, and we observe i staying at her job, then i received and rejected relatively many job offers. Therefore i's job must have high match quality. Following this logic, the variable q hm i,t is defined as
where V t is an index of vacancies and U t is the unemployment rate in period t.
The same line of reasoning implies that match quality in the current job is also sensitive to market tightness in employment periods preceding the current job. In the example above assume that worker i had a different job prior to the current one. Moreover, while working on the previous job the labor market was tight and she received many offers. The fact that she accepted the current job suggests that the quality of the current match is higher. Hence past labor market tightness conveys information about current match quality. The variable q eh i,t is meant to capture past labor market conditions and is defined as,
where T 1 < T begin denotes the first period of the employment cycle, that is, the first period of work after involuntary unemployment. 
Decomposing Match Quality Proxies
Match quality proxies in (5) and (6) are summations of tightness ratios. Their values are constant for a given worker-job pair because summations are taken over completed employment intervals. They can be rewritten as
and
Equations (7) and (8) illustrate that, if worker i received many job offers while on a job, this could be because she has been employed for a long time (high T end beg and T beg 1 ) or because average labor market tightness was high (q hm andq eh ). We refer to these components as 'duration' and 'tightness'. The duration component is a chronological measure of employment and is positively correlated with the number of offers received and rejected. 9 The tightness component is a measure of market quality while employed, and captures the fact that the arrival rate of offers in a given time interval can vary.
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We allow these two elements to vary independently in the following specification,
Letting these components free to vary independently has two advantages: (i) it clarifies what drives the remarkable significance of tightness-based proxies; (ii) it highlights key differences in the wage dynamics of different occupation groups, as we show in Section 4.3.
Data
The data source for wages and workers' characteristics is the National Longitudinal Survey of Youth (NLSY79). We construct the (weekly) job history for each worker and identify an observation as the wage of a worker at the current job. 11 We construct the minimum and current unemployment rates using the seasonally adjusted unemployment series from the Current Population Survey (CPS). We use the Composite Help Wanted Index constructed by Barnichon (2010) as a measure of vacancies. Details about data are in Appendix A.
Key to the analysis is the concept of employment cycle. An employment cycle is defined as a continuous spell of employment, possibly entailing a sequence of jobs and employers. The cycle begins in the period when the worker transitions from non-employment to employment, and ends when the worker transitions back to involuntary non-employment.
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To measure individual employment cycles, and job spells within each cycle, we follow Wolpin (1992) , Barlevy (2008) , and Hagedorn and Manovskii (2013) . At each interview date the NLSY provides a complete description of jobs held since the last interview, including start and stop dates (week), wage, hours worked, and occupation. In addition one can link employers across interviews and identify a job as a worker's spell with a given employer.
In the NLSY79 the information related to a specific job is only recorded once per interview. Therefore wage changes within a job are recorded only if an individual works at the same job for a period covered by two or more interviews, implying that within-job wage variation is identified using jobs that extend over at least two NLSY interview dates. If a job appeared for the first time in the year T interview, and again in the year T + 1 interview, then this job counts as two observations within the same employment cycle. Each observation is a wage-job pair. The wage refers to a job that was active at any time between the current and the previous interview date. Thus we view an observation (a wage-job pair) as the wage prevailing over the period between two successive interviews while employed at a particular job, or in any subset of that period during which the job was active.
For illustration consider the example in Figure 1 . A worker is interviewed at date T − 2, begins to work for a specific employer between T − 2 and T − 1, is interviewed again at T − 1, T , and T + 1, but eventually stops working for this employer at some point between T and T + 1. Given this sequence of events, we use the wage w T −1 , recorded during the first interview, as the wage applying to the period between the start of the job and T − 1. Similarly, we use the wage w T for the period between T − 1 and T , and the wage w T +1 for the period between T and the end of the job.
Partitioning the data into employment cycles and job spells allows us to construct the match quality proxies described in Section 2. We use data on aggregate vacancies and unemployment to calculate tightness ratios Vt Ut and define: (i) q eh as the sum of tightness ratios from the beginning of the employment cycle to the period preceding the start of the current job; (ii) q hm as the sum of market tightness ratios during a job spell. The latter captures past, current and future tightness over the current job spell and reflects the expected match quality of that particular job. 
Non-interview Job Start
Interview
In line with previous research we assign to each observation a minimum unemployment rate defined as the lowest unemployment recorded between the start of the job and the date of the current interview (or the job's end date, if it occurs earlier than the interview). The contemporaneous unemployment rate is the average unemployment recorded over the period in which a job is active, between consecutive interview dates. Figure 1 illustrates how match quality proxies and unemployment rates are assigned to an observation w T : q eh is the sum of labor market tightness from the start of the employment cycle until the start of the current job; q hm is the sum of labor market tightness from the start to the end of the current job. Contemporaneous unemployment applies to the interval between T − 1 and T , and the minimum unemployment refers to the interval between the start of the current job and period T . To separately examine the wage processes across broad occupation categories we classify occupations as either (i) routine or non-routine; or (ii) cognitive or manual (see Autor and Dorn, 2013) . When looking at education groups we separately consider: (i) high school dropouts (less than 12 years of schooling); (ii) high school graduates and those with 'some college' (12 to 15 years of schooling); (iii) college graduates (16 or more years of schooling). More details are in Appendix A.
Results
In this section we report estimates for different specifications and samples. First, we use the full data sample and estimate equations (3) and (4), corresponding to the baseline specifica-tions in Beaudry and DiNardo (1991) and Hagedorn and Manovskii (2013) . Second, we show how distinguishing between duration and tightness components improves our understanding of the strong effects of match quality proxies. Next, we turn to the analysis of different occupation groups, and complement those results by providing further evidence based on education categories. Finally, we discuss various robustness exercises based on Bellou and Kaymak (2016) and Gottfries and Teulings (2015) . As in previous studies we include dummies for age, employer tenure, marital status, industry, union status, SMSA, region, as well as quadratic polynomials for education and year. All specifications control for individual fixed effects. Table 1 reports the results. Column (1) illustrates the relationship between contemporaneous unemployment and wages. A significant relationship exists between current unemployment and current wages: a one percentage point increase in contemporaneous unemployment is associated with a 2.26% drop in wages. This result is in line with those of previous studies using similar specifications.
Pooled Sample Estimates
Column (2) reproduces the baseline result of Beaudry and DiNardo. When we include the minimum unemployment experienced during a job, the effect of contemporaneous unemployment drops to one third of that estimated in Column (1) and is only marginally significant at the 10% level. In contrast, minimum unemployment turns out to be highly significant: a one percentage point increase in minimum unemployment is, on average, associated with a 3.02% decline in current wages.
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The third column of Table 1 refers to a specification further extended by adding the log of match quality proxies defined in equations (5) and (6). The q variables are strongly significant, have the expected positive sign and magnitudes comparable to existing estimates. Their inclusion changes the estimated relationship between current wages and different unemployment measures: minimum unemployment is no longer significant and its coefficient is close to zero, while current unemployment becomes significant. Note a. The notation lnq x , with x = {hm, eh}, denotes the natural logarithm of the average labor market tightness, and ln dur(q x ) is the duration of the corresponding employment interval. Sample sizes vary because the start date of an employment cycle is not always available. Note b. Estimated coefficients and associated standard errors are multiplied by 100. All standard errors are clustered by observation start-date and end-date. Results are robust to clustering by individual. Significance: *** 1%, ** 5%, * 10%.
Allowing for Distinct Match Quality Components
The inclusion of match quality proxies has a remarkable impact on estimates of the wageunemployment relationship. The last column of Table 1 shows results for a specification that separately estimates the effects of duration and tightness. This more flexible specification improves precision and makes the effect of contemporaneous unemployment stronger, reinforcing the result in Column (3). Duration of employment, both in current and past jobs, is significant throughout. However, only past labor market tightnessq eh has a significant (and positive) effect on current wages. Average tightness while on the current job,q hm , has no detectable effect. The size and significance of duration effects suggest that the expected number of offers experienced on the job increases with total job duration. Results are more nuanced for labor market tightness. The significance of past tightness confirms that match quality is higher when the current job is accepted after a run of low unemployment and/or high vacancy rates. However, the average tightness prevailing during the current job has no contemporaneous effect on wages. As we show below, this pattern cannot be generalized to all occupation groups.
Evidence from Occupation Groups
To retain reasonably large, and comparable, sample sizes we focus on broad occupation categories. Table 2 reports results obtained for, respectively, the samples of cognitive (Cog) and manual (Man) occupations. For comparison we reproduce the results from the pooled sample in Column (1). For each group we report results for a specification with aggregate match quality controls (Columns 2a and 3a) as well as a specification that allows for distinct effects of duration and average tightness (Columns 2b and 3b). In Appendix B we also report results for a specification with no match quality controls: this exercise shows that the original result of Beaudry and DiNardo holds for all occupation groups. This confirms that the inclusion of match quality controls is key to correctly identify the relationship between unemployment and wages.
Cognitive vs Manual. Separately estimating the effect of match quality components makes a noticeable difference: while neither u min nor U have a significant impact in specifications 2a and 3a, a significant pattern emerges in the more flexible specifications. Whether or not u min is significant depends on the occupation group, as shown in Columns 2b and 3b. For cognitive jobs the pattern closely resembles the one in pooled data: only current unemployment exhibits a significant coefficient, and match quality hinges on both durations and past tightness, with the effect of the latter even stronger than the one estimated from pooled data. For manual occupations, however, the results are quite different: the lowest unemployment on the job (u min ) has a significant and large effect on wages, while the effect of contemporaneous unemployment is smaller and only marginally significant at the 10% level. This is true after including match quality proxies. Interestingly, for manual occupations the average tightness during the current job,q hm , has a negative and significant effect. This contrasts with the non-negative effect estimated for all other occupation groups and suggests a counter-cyclical composition effect in match quality for manual jobs. Such counter-cyclical composition is consistent with bad matches dissolving at a higher frequency during recessions, as discussed in Bellou and Kaymak (2016) and Bils (1985) . Routine vs Non-Routine. Table 3 focuses on a different classification, as occupations are divided into non-routine (NR) and routine (R). As before, the first column reproduces pooled results with flexible q controls. Columns (2a) and (3a) show group-specific results using aggregate q s, while columns (2b) and (3b) do the same for a specification with flexible match quality controls.
For non-routine jobs we find little or no evidence of unemployment influencing wages, with only contemporaneous U significant at the 10% level. However, the match quality proxies remain strongly significant, with a pattern similar to the one estimated from pooled data. In fact,q eh has an even stronger estimated effect on current wages, suggesting that past labor market tightness does matter for the wage dynamics in non-routine occupations.
Things look very different when we examine results for routine jobs: the impact of both current and lowest unemployment are significant at the 5% level, although the latter effect is estimated to be quite a bit larger (−1.91 vs −1.36). As in the case of manual jobs, the only significant match quality controls are the durations dur(q eh ) and dur(q hm ). The impact of average tightness is not well identified. Taking stock of all these results, we conclude that there are large discrepancies in the wageunemployment relationship across occupation groups. In manual and routine jobs the lowest unemployment experienced on the job is consistently significant and has a sizable effect on current wages. Moreover, in these groups match quality hinges exclusively on employment durations. In fact, average tightness (both past and present) shows little or no impact on wages. This evidence points to different wage determination mechanisms, and suggests that results based on pooled data conceal non-trivial differences, and provide imprecise descriptions of wage dynamics for some occupations.
Interestingly, past labor market tightness matters only when wages are not responsive to u min . This holds for all occupation regressions shown above. We view it as evidence that for some occupations there exists genuine dependence on the best labor market conditions experienced on the job. This dependence is detected even after controlling for match quality.
On the other hand, consistent with the intuition of Hagedorn and Manovskii, there are jobs for which the dependence of wages on lowest unemployment is an artifact of higher match quality. For such jobs average tightness is consistently significant. Note a. The table shows results for the pooled sample (column 1), and for different occupation groups (cognitive occupations in columns 2a and 2b; manual occupations in columns 3a and 3b). Note b. The notation lnq x , with x = {hm, eh}, denotes the natural logarithm of the average labor market tightness, and ln dur(q x ) is the duration of the corresponding employment interval. Note c. Estimated coefficients (and associated standard errors) are multiplied by 100. All standard errors are clustered by observation start-date and end-date. Results are robust to clustering by individual. Significance: *** 1%, ** 5%, * 10%.
Evidence from Education Groups
As shown in Table 4 education categories are unevenly represented across occupations. For instance, the cognitive and non-routine groups over-sample workers with more education. We re-estimate our main specifications, equations (4) and (9), for different education groups. Note a. This table shows results for the pooled sample (column 1), and for different occupation groups (non routine occupations in columns 2a and 2b; routine occupations in columns 3a and 3b). Note b. The notation lnq x , with x = {hm, eh}, denotes the natural logarithm of the average labor market tightness, and ln dur(q x ) is the duration of the corresponding employment interval. Note c. Estimated coefficients (and associated standard errors) are multiplied by 100. All standard errors are clustered by observation start-date and end-date. Results are robust to clustering by individual. Significance: *** 1%, ** 5%, * 10%. Table 5 show that patterns by education mirror those found for occupations. Current unemployment U has a significant effect at the higher-end of the education distribution (college graduates). Column (3b) shows that the coefficient is larger and more precisely estimated when we flexibly control for match quality. The wage-setting mechanism in college jobs allows for responses to current unemployment, as is the case for cognitive jobs. Moreover, in line with the occupation analysis, the non-significance of u min goes hand in hand with the strong significance ofq eh . In contrast, for high school graduates current unemployment does not exhibit a significant effect while the best labor market conditions (u min ) appears to be more statistically and economically significant, a pattern reminiscent of our findings for routine and manual jobs. As we did for occupations, we also replicate the analysis by education group with no match quality controls. The results, reported in Appendix B, indicate a strong and highly significant effect of minimum unemployment in all groups other than high school dropouts. Current unemployment is not significant for all groups. The results for college graduates stand in sharp contrast to the findings obtained using match quality controls.
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Results in
Robustness
Given the apparent differences across occupation and education groups it is reasonable to ask whether results are sensitive to changes in empirical specification or sampling. Appendix C presents various robustness exercises. In Table B1 we replicate the analysis of pooled data using only observations with non-missing occupation codes. We do this to verify that no systematic error or biases are introduced when occupation is not recorded. We find that the overall patterns are unchanged, both in terms of point estimates and significance.
We also experiment with alternative specifications. First, we follow the approach in Bellou and Kaymak (2016) and difference out all time-invariant characteristics within a given job. By doing so we estimate how wage growth responds to changes in unemployment. Firstdifferencing equation (4) implies that match quality proxies q eh and q hm (invariant within a job) drop out of the specification. 16 By construction the wage growth analysis only uses data for job stayers. Sample sizes are larger in the wage level specifications as they include data for both stayers and switchers. As shown in Table B2 , results across occupation and education groups confirm the findings of the analysis based on levels. However, the first-difference Note a. This table shows results for three education groups (D= high school dropouts in columns 1a and 2a; H= high school graduates and some college in columns 1b and 2b; C= college graduates in columns 1c and 2c). Note b. The notation lnq x , with x = {hm, eh}, denotes the natural logarithm of the average labor market tightness, and ln dur(q x ) is the duration of the corresponding employment interval. Note c. Estimated coefficients (and associated standard errors) are multiplied by 100. All standard errors are clustered by observation start-date and end-date. Results are robust to clustering by individual. Significance: *** 1%, ** 5%, * 10%.
specification for the pooled sample implies a significant role for both current and minimum unemployment, with the latter having a larger effect. This implies that wages of stayers are less cyclical than wages of switchers, as originally observed by Bils (1985) .
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In a second alternative specification we follow the approach of Gottfries and Teulings (2015) . They argue, among other things, that the match quality proxies introduced by Hagedorn and Manovskii are poor approximations to the theoretically correct measure of past market tightness. More specifically, they show that one should also include higher order terms of the logged q variables (see Appendix C for a discussion). In Table B3 we report results for wage specifications in levels that include higher order terms for ln q eh and ln q hm . There appears to be no change from our baseline result.
Investigating the Mechanism
The evidence presented so far shows that the evolution of wages over employment cycles varies considerably across occupations. Different sensitivities to current unemployment are consistently detected, and may reflect underlying features of occupations. In this section we present evidence suggesting an explanation based on performance pay. As documented by Parent (2009, 2012) and Makridis (2014) , the incidence of bonus pay varies with features of the job. Performance-pay workers are concentrated in the upper end of the wage distribution, where most jobs entail relatively higher skills. This may be due to productivity being harder, or more expensive, to measure in certain occupations.
18 A complementary explanation is that heterogeneous turnover costs make it more desirable to link pay to the market value of performance, linking wages to firms' outcomes. This argument is spelled out by Oyer (2004) who suggests that workers' retention may be key to understand the prevalence of profit-sharing and performance-related pay components. An implication of this argument is that we should observe a positive association between the prevalence of performance pay and the duration of employment relationships across different occupations.
19 Lemieux, MacLeod, and Parent (2012) use the PSID to estimate the impact of local labor market shocks, measured by the county unemployment rate, for either bonus-pay or fixedwage jobs. They show that wages in bonus-pay jobs are sensitive to current labor market conditions. By contrast, jobs entailing no performance pay exhibit wage dynamics that are uncorrelated with current unemployment. 18 While for some jobs (e.g. painting a wall) it is fairly easy to assess a worker's impact on output, the same is not easily determined in other occupations (for example, those involving collaborative efforts such as projecting and executing complex structures).
19 Evidence of such retention motives is presented by Drago and Heywood (1995) . They show that profit sharing is more common at firms with highly skilled workers because these workers are expensive to replace. They also find that turnover is negatively associated with profit-sharing.
This evidence points to the possibility that the relative incidence of performance pay jobs (PPJ) is partly responsible for the different wage dynamics observed across occupation groups. To explore this hypothesis we first establish that wages in PPJ are very sensitive to current labor market conditions, while wages in non-PPJ are not. Next, we document that the incidence of PPJ differs across occupation and education groups, and does so in a way consistent with observed wage patterns. Finally, in Section 5.3 we present direct evidence that certain jobs (PPJ, cognitive and non-routine jobs) have significantly higher average durations.
In certain years the NLSY79 questionnaire contains follow-up questions asking whether the worker's remuneration included bonuses or any commissions and piece-rate payments. We use these indicators of performance pay to determine whether a job can be classified as PPJ or not, and to measure the share of PPJ within a group. 
Wages, Unemployment and Performance Pay
We estimate our baseline specification separately for the PPJ and non-PPJ samples. Results are broadly consistent with those obtained from the PSID and county-level unemployment (see Lemieux, MacLeod, and Parent, 2012) . Column (1) in Table 6 shows that wages that include a performance-based component are sensitive to both current and minimum unemployment. However, Column (2) indicates no significant effect of unemployment on wages for the non-PPJ sample.
Moreover, the relationship between unemployment and wages in the PPJ sample can be further qualified. Columns (3) and (4) in Table 6 document that sensitivity to different unemployment measures is also associated with union status. Current unemployment affects wages in the subset of non-unionized PPJ, but minimum unemployment co-moves with wages in unionized PPJ. 21 Oyer (2004) argues that a potential role of performance-related pay is to retain good matches. Our findings on differences in wage dynamics across groups corroborates this insight. As shown in Table 6 , both average tightness and job duration play a significant role in wage dynamics for PPJs. This is especially evident when we look at non-union PPJs, for which average tightness measures turn out to be larger and more significant. Non-union jobs are more likely to be jobs in which pay schemes serve the purpose of retaining valuable employees, and our results show that wage dynamics in these jobs exhibit both stronger tightness gradients and Table 6 : The relationship between unemployment rate and wages: Baseline regressions by PPJ and union status. Note a. The notation lnq x , with x = {hm, eh}, denotes the natural logarithm of the average labor market tightness, and ln dur(q x ) is the duration of the corresponding employment interval. Note b. Estimated coefficients and associated standard errors are multiplied by 100. All standard errors are clustered by observation start-date and end-date. Results are robust to clustering by individual. Significance: *** 1%, ** 5%, * 10%.
sensitivity to current labor market conditions. These patterns are, to a large extent, apparent also when looking at those skilled occupations where retention through profit-sharing is more common.
Incidence of Performance Pay
Why the prevalence of performance pay differs across jobs is an open question. One hypothesis is that high turnover costs in certain firms induce them to link pay to profits or to measures of ex-post performance. This may be true even if, in the case of large firms, individual performance has only a small influence on firms' profits. The reason for this is that retention considerations (participation constraints) induce firms to use variable compensation as a way to keep workers when they are most in demand. This line of argument suggests that employee profit-sharing or other forms of performance-related pay should be relatively more attractive in occupations which are in strong demand. This is clearly the case of cognitive and nonroutine jobs over the past few decades, as documented for example by Autor and Dorn (2013) and Cortes, Jaimovich, Nekarda, and Siu (2015) . How uneven is the incidence of either PPJ (and union status) across occupation and education groups? Tables 7 and 8 report the relative frequency of PPJ and unionization in our data. Cognitive occupations have a considerably higher occurrence of PPJ and a relatively low occurrence of unionization. This suggests that, in these occupations, compensation arrangements may be key for the sensitivity of wages to current unemployment. The same is observed for jobs performed by college graduates.
On the other hand, low incidence of PPJ is associated with weak or no sensitivity to unemployment. For instance consider the sample of non-routine jobs, which consists of non-routine cognitive and non-routine manual occupations. The former group exhibits high PPJ and low unionization, which jointly imply significant sensitivity to current unemployment. In contrast, non-routine manual occupations have low incidence of PPJ, hence no responsiveness to any unemployment measure. These conflicting effects result in responses to unemployment that are almost non detectable for the broad group of non-routine occupations (see Table 3 ). By the same token, composition effects may also introduce sensitivity to both current and minimum unemployment, as we find for routine jobs. Routine cognitive jobs have the highest share of PPJ and the lowest unionization rate, suggesting sensitivity to current unemployment. In addition, routine manual jobs exhibit the highest share (8%) of jobs that are both PPJ and unionized.
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Similar patterns emerge when looking at education groups. For example, high school graduates display moderate PPJ incidence as well as high unionization, consistent with the observation of no effect from current unemployment and borderline significant sensitivity to minimum unemployment. Unemployment measures have no detectable impact on the wages of high-school dropouts, who exhibit the lowest share of PPJ.
Job Duration and Performance Pay
If turnover and retention motives are in fact leading to performance-related pay schemes, one should also observe longer job durations for PPJs. This in turn would imply that occupations with a high incidence of such pay schemes should have significantly longer job durations. We report evidence supporting this conjecture in Table 9 where we show the mean and standard deviation of job durations for different groups in our NLSY79 sample. All differences (PPJ vs. non PPJ, cognitive vs. manual, routine vs. non-routine) are extremely significant, at levels well below 1%, and confirm that PPJ jobs, or occupations in which PPJs are more prevalent, have much higher durations, with all differences being about 8 quarters or more.
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Conclusions
We document significant differences in the evolution of wages across occupations. Wages in cognitive occupations, and those of workers with college education, respond strongly to current unemployment. The same is not true of wages in manual and routine jobs: in these occupations the wage setting mechanism features a prominent role for the best labor market conditions experienced by workers, as reflected in the minimum unemployment rate recorded while on the job. These results hold in specifications that allow for match quality controls. We approximate match quality through observed employment durations and through average labor market tightness while employed. While duration-based measures of match quality are consistently significant across occupations, the same is not true for the average tightness proxies.
Consistent differences in wage responses suggest the presence of underlying factors shaping the earning process in different occupations. Using information available in the NLSY79, we show that one such difference is the extent to which compensation is linked to workers' performance and firms' outcomes. The prevalence of performance-related compensation schemes varies across occupations, and is associated with the sensitivity of wages to current and past unemployment levels.
A Data
In this section we describe the data sources, as well as how we construct work histories and other relevant variables.
A.1 Data Sources
The main data source is the National Longitudinal Survey of Youth (NLSY79). The NLSY79 is a nationally representative sample of individuals aged 14 to 22 in 1979. The sample period is 1979 to 2010, which makes the maximum age in the sample equal to 53. The NLSY79 consists of three samples: a main representative sample, a military sample, and a supplemental sample designed to over-represent minorities. We only use the main representative sample. Throughout the analysis we focus on males 16 years or older. Observations for which the reported stop date of the job precedes the reported start date, as well as jobs that last less than 4 weeks, are dropped. Following Hagedorn and Manovskii we impose some basic sampling restrictions: (i) all observations for which the reported hours worked are below 15 hours are excluded; (ii) the education variable is forced to be non-decreasing over the life cycle. Wages are deflated using the CPI. Following Barlevy (2008) we only consider observations with reported hourly wages above $0.10 and below $1, 000. Only observations for individuals that have completed a long-term transition to full time labor market attachment are used in the analysis. As in Yamaguchi (2010) , an individual is considered to have made this transition starting from the first employment cycle that lasts 6 or more quarters. Finally, for each job we assign the mode of hours worked as the relevant value for that job. The reorganized NLSY79 data consists of 34,860 job-wage observations, for a sample of 5,712 individuals. Not all of these observations can be used in the estimation because some control variables may be missing in certain years.
A.2 Jobs and Employment Cycles
We define each job as one subset of an employment cycle during which the employer does not change. Each wage observation in the NLSY79 is linked to a measure of the current unemployment rate and to a measure of the minimum unemployment rate since the start of the job to which the wage refers. To construct the minimum and current unemployment rates, we use the seasonally adjusted unemployment series from the Current Population Survey (CPS). We use the Composite Help Wanted Index constructed by Barnichon (2010) as a measure of vacancies. 24 We use the crosswalk provided by Autor and Dorn (2013) into four categories: non-routine cognitive, non-routine manual, routine cognitive, and routine manual. 26 Furthermore, as in Yamaguchi (2012) , if a worker reports having the same job between period t and t + 2, with occupation i in year t, occupation B in year t + 1, and again occupation i in t + 2, then we assume that occupation B is misclassified and we correct it to be A. To minimize the effects of other coding errors, we follow Neal (1998) and Pavan (2011) and disregard observations that report a change in occupation within a job (during a spell with the same employer). Industry codes are aggregated up to 15 major categories to make them comparable over time. In order to reduce the effects of industry coding error, and similar to the treatment of occupations, we only consider observations for which there are no industry changes within the job.
B Analysis without Match Quality Controls
In what follows we report results obtained from a specification with no match quality controls, as the one in Beaudry and DiNardo (1991) , for different occupation groups. Minimum unemployment Table B1 shows that only minimum unemployment is significant, in all occupation groups. Its effect is remarkably similar across occupations and precisely estimated around −2.5. This is in stark contrast to the results obtained in Section 4.3, where we show material differences in the sensitivity to different unemployment measures (current vs minimum) across occupations. This discrepancy confirms that controlling for match quality is of critical importance for the identification of the effects of unemployment on wages. Similar findings are obtained when grouping workers according to their education. Table  B2 shows that current unemployment is never significant, while minimum unemployment on the job has a sizable and significant effect for both high school and college graduates.
C Robustness
This appendix reports details and results for the robustness exercises described in Section 4.5. Table B1 reports results for pooled data using only observations with non-missing occupation codes. Previous studies of pooled data do not drop these observations. In the pooled data analysis of Section 4.1 we follow this convention. Here we verify how robust those findings are by restricting the sample to the same subset of observations that are used in the occupationgroup analysis. The findings are essentially unchanged, both in terms of point estimates and significance. 
C.1 Robustness of Pooled Data Results
C.2 Wage Growth Analysis
A key robustness check entails differencing out all characteristics that are invariant within a job. To this purpose we follow Bellou and Kaymak (2016) and estimate a time-differences The match quality measures q eh and q hm are invariant within a job and are differenced out. The interpretation of coefficients is similar to the previous analysis: if contemporaneous unemployment affects wages, one would expect that changes in current unemployment have a significant effect on wage growth; that is,β 1 should be negative and significant. If, instead, the lowest unemployment during a job has a significant effect on wages, changes in the lowest unemployment rate on-the-job should also have an effect on wage growth; that is,β 2 should be negative and significant. A restriction implicit in the wage growth analysis is that it only uses information about job stayers. Sample sizes are larger in 'wage level' specifications as they include data for both stayers and switchers, exploiting wage variation also from periods in which workers switch jobs. Table B2 reports estimates for the pooled sample, as well as for occupation groups. Results in Columns (2)-(5) are broadly consistent with previous findings. Wage growth in cognitive jobs (Column 2) and non-routine jobs (Column 4) visibly responds to changes in the contemporaneous unemployment. In contrast, wage growth in manual jobs (Column 3) and routine jobs (Column 5) is very sensitive to changes in lowest unemployment on-the-job, and does not respond to changes in contemporaneous conditions. Moreover, the results from the pooled sample (Column 1) indicate a significant role for both current and minimum unemployment, with the latter having a larger effect. This is consistent with the view that wages of stayers are less cyclical than wages of switchers, as discussed by Bils (1985) , Bellou and Kaymak (2016) , Hagedorn and Manovskii (2013) for NLSY79 data and Haefke, Sonntag, and Van Rens (2013) for CPS data. In a wide ranging study of the wage setting mechanism Gottfries and Teulings (2015) argue that the match quality proxies introduced by Hagedorn and Manovskii (2013) are poor approximations to theoretically correct measures of labor market tightness. In the context of a wage-posting model Gottfries and Teulings show how current wages depend on labor market history from the beginning of an employment cycle up to the date in which the current job ends. Letting 'b' denote the end date of the current job, the sum of past labor market tightness over the employment cycle can be written as Λ b = q eh + q hm . While it is possible to approximate ln Λ b using the logs of q eh and q hm , one should also include higher order terms of the logged q variables to account for the fact that ln Λ b = ln q e h + ln q h m. In Table B3 we report results for wage specifications (in levels) that include higher order terms for ln q e h and ln q h m. We find no substantial change relative to our baseline results.
D Performance Pay and Union Status in the NLSY79
The NLSY79 reports partial information about performance pay for the years 1988 to 1990, 1996, 1998 and 2000. For years 1988 − 1990 individuals were asked whether, in their most current job, earnings were partly based on performance. For years 1996, 1998, 2000, individuals were asked for each of their jobs if earnings featured any of the following types of compensation: piece rate, commission, bonuses, stock options and/or tips. Therefore in 1996, 1998, 2000, for each job-individual pair we generate a binary variable indicating if that particular type of compensation was used in determining the pay received for that job. A performance pay observation is then a job-year-individual triplet for which one of following conditions is satisfied:
• The year is 1988, 1999 or 1990, and the individual reports being paid based on performance;
• The year is 1996, 1998 or 2000 and the individual reports having earnings based on at least one among tips, commission, bonuses or piece rate.
• It is a job-year-individual triplet pertaining to a job/individual pair that satisfies one of the above two conditions for at least one of the interviews. This imposes the restriction that the performance pay status is constant within a job, adding observations for the years in which the performance pay variables are not available.
In the NLSY79 there are three variables with information on union status. The first (based on the Employer History Roster section of the NLSY questionnaires) states whether an individual is covered by a union or employee contract. It is available for all years. The second variable asks the respondent if he/she is a member of a union or employee association. It is available for year 1979 and from 1986 onwards. The third variable asks the respondent if he/she is covered by a union or employee association. It is available starting in 1994. We assign a union status for an individual whenever at least one of the three variable indicates that a worker is either a member or is covered by a union. Otherwise, we assign a non-union status.
